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INTRODUCTION R a d i a t i o n a g e s o f m e t e o r i t e s a r e b a s e d on measurement o f a r a d i o a c t i v e and a s t a b l e c o s m o g e n i c n u c l i d e . The r a d i oa c t i v e n u c l i d e m e a s u r e s t h e e f f e c t i v e c o s m i c -r a y f l u x i n t h e m e t e o r i t e , w h i l e t h e s t a b l e n u c l i d e i n t e g r a t e s t h i s f l u x o v e r t i m e . I f S is t h e c o n c e n t r a t i o n o f t h e s t a b l e n u c l i d e , i n

1'
a t o m s / g , a n d A.
is t h e s a t u r a t i o n a c t i v i t y o f t h e r a d i o a c t i v e -1 -1 n u c l i d e , i n d i s i n t e g r a t i o n s sec g , t h e n t h e r a d i a t i o n a g e t e q u a l s :
w h e r e P a n d P a r e t h e production r a t e s o f t h e radioactive r S -1 -1 a n d s t a b l e s p e c i e s , i n atoms sec g (Anders, 1963) ,
-2 -U n f o r t u n a t e l y , Pr and Ps a r e hard t o e v a l u a t e . They i n v o l v e t h e c o s m i c r a y f l u x a s a f u n c t i o n o f t i m e and e n e r g y and t h e p r o d u c t i o n c r o s s s e c t i o n s a s a. f u n c t i o n o f e n e r g y f o r a l l n u c l e a r r e a c t i o n s l e a d i n g t o t h e two n u c l i d e s i n q u e s t i o n .
Much o f t h i s i n f o r m a t i o n is n o t known.
I n o r d e r t o c i r c u m v e n t t h i s d i f f i c u l t y , o n e u s u a l l y c h o o s e s p a i r s o f n u c l i d e s t h a t a r e i s o b a r i c o r a t l e a s t f a i r l y
3 3 2 2 22 c l o s e i n mass number: H e -H , N e -Na , ~e~l -~l~~, ~r~~-~1 a n d One c a n t h e n a s s u m e , w i t h some j u s t i f i c a t i o n , t h a t t h e c r o s s s e c t i o n s o f b o t h n u c l i d e s h a v e t h e same e n e r g y d e p e n d e n c e f o r a l l r e l e v a n t t a r g e t n u c l i d e s .
Pr'Ps t h e n s i m p l i f i e s t o t h e r a t i o o f two a v e r a g e d c r o s s s e c t i o n s , w h i c h may be d e t e r m i n e d i n t h e l a b o r a t o r y f o r a s u i t a b l e t a r g e t
e l e m e n t a n d bombarding e n e r g y .
I n p r a c t i c e , e v e n f u r t h e r s i m p l i f i c a t i o n s a r e made.
Measurements o f r a d i o a c t i v e n u c l i d e s a r e o f t e n u n a v a i l a b l e , and i t h a s t h e r e f o r e become c u s t o m a r y t o assume c o n s t a n t c o s m i cr a y f l u x e s f o r a l l m e t e o r i t e s , a n d t o c a l c u l a t e r a d i a t i o n a g e s from s t a b l e n u c l i d e s a l o n e , u s i n g f i x e d p r o d u c t i o n r a t e s . For c h o n d r i t e s a t l e a s t , t h i s i s n o t a bad a s s u m p t i o n , b e c a u s e 26 t h e i r H~ and A 1 c o n t e n t s a r e c o n s t a n t t o 215% i n t h e m a j o r i t y o f c a s e s (Begemann e t a l . , 1 9 5 9 ; G e i s s e l a l . , 1 9 6 0 : Goebel and i t is perhaps a l i t t l e d i s c o n c e r t i n g t o r e a l i z e t h a t t h e r a d i at i o n age s c a l e f o r stony m e t e o r i t e s r e s t s almost e n t i r e l y o n 3 e i g h t H measurements i n c h o n d r i t e s ( s e e Mirsten --e t a l , , 1963, 3 3 f o r r e f e r e n c e s ) and an H /He production r a t i o o f 0 . 5 observed i n t h e proton bombardment of i r o n (Schaeffer and ahr ringer, 1958). From t h e s e d a t a , an average ~e~ production r a t e o f 2.00X low8 ccSTP g-' M y r -l has been derived f o r o r d i n a r y chond r i t e s ( K i r s t e n --e t a l . , 1963). Nearly a l l o t h e r d a t i n g methods f o r s t o n e s a r e d i r e c t l y o r i n d i r e c t l y t i e d t o t h i s r a t e .
For example, t h e ~e~~ production r a t e i n L-chondrites (0.377 ccSTP g-' Myr-';
Heymann --e t a l . , 1968; Cobb, 1965 , quoted by Heymann, 1967 has been derived from t h e above value by way of t h e observed average 3 He /~e~l r a t i o o f 5 . 3 (Heymann, 1967) . Kruger and Heymann (1968) have pointed o u t , however, 3 3 t h a t t h e H / H e production r a t i o depends on t h e neutron-to-proton r a t i o of t h e t a r g e t element.
Using measured values f o r Mg, S i , 3 3 and Fe, and an i n t e r p o l a t e d value f o r 0 , they e s t i m a t e a H /He production r a t i o o f 0.63 f o r hypersthene c h o n d r i t e s . T h i s 3 corresponds t o a He production r a t e of 2 . 6~ lom8 ccSTP g-l PJyrml, 30% higher than t h e conventional value.
CALCULATION O F ABSOLUTE PRODUCTION RATES
In view o f t h e s e u n c e r t a i n t i e s , we have attempted t o , a s a n i n d i c a t o r o f a b s o l u t e a g e . The A l 26 a c t i v i t y o f a meteorite, A , is r e l a t e d t o t h e s a t u r a t i o n value a f t e r a n i n f i n i t e l y l o n g bornbarclment, Ao,
by the e q u a t i o n o f r a d i o a c t i v e g r o w t h :
Here A is t h e d e c a y c o n s t a n t o f ~1~~ ( 0 . 9 4 ~~r -l ) and t is t h e -r a d i a t i o n a g e .
When A is a p p r e c i a b l y l e s s t h a n Ao, t h i s e q u a t i o n c a n b e u s e d t o d e t e r m i n e t , p r o v i d e d t h a t A. is known -( A n d e r s , 1 9 6 2 ) .
A. v a l u e s f o r e a c h c l a s s c a n be o b t a i n e d e i t h e r by a v e r a g i n g o b s e r v e d ~1~~ c o n t e n t s i n m e t e o r i t e s o f l o n g r a d i a t i o n 2 6 a g e , o r by u s i n g t h e e m p i r i c a l A 1 p r o d u c t i o n r a t e s o f F u s e and A n d e r s ( 1 9 6 9 ) .
T h e s e A. v a l u e s r e p r e s e n t a v e r a g e s o v e r v a r i o u s m e t e o r i t e s i z e s and s a m p l e d e p t h s , and may t h u s be i n a p p r o p r i a t e f o r s a m p l e s from v e r y s m a l l o r v e r y l a r g e m e t e o r i t e s . However, t h e d i s t r i b u t i o n o f m e a s u r e d v a l u e s f o r c h o n d r i t e s
( F i g u r e 3 o f F u s e and A n d e r s , 1 9 6 9 ) shows t h a t 85% o f a l l m e t e o r i t e s f a l l w i t h i n *15% o f Ao.
The ~e~ o r ~e~~ c o n t e n t o f t h e s e m e t e o r i t e s is l i k e w i s e p r o p o r t i o n a l t o a g e :
3 H e = P3t and 2 1 N e = PZlt where P3 and P21 a r e t h e r e s p e c t
i v e p r o d u c t i o n r a t e s , i n ccSTP g-l ~~r -' . T h e s e p r o d u c t i o n r a t e s depend o n t h e c h e m i c a l c o m p o s i t i o n o f t h e m e t e o r i t e . I n v i e w o f t h e s c a r c i t y o f
26 m e t e o r i t e s w i t h low A 1 c o n t e n t s , w e s h a l l f i n d i t e x p e d i e n t E r r o r s i n t h e p r o d u c t i o n r a t e r e l a t i o n s t h u s w i l l t e n d t o c a n c e l .
The p r i m a r y c r i t e r i a w e r e ~1~~ c o n t e n t l e s s t h a n 85% o f s a t u r a t i o n v a l u e ( i . e . r a d i a t i o n a g e ' 2 . 0 3 Myr and n o b l eg a s c o n t e n t s c o r r e s p o n d i n g t o a r a d i a t i o n a g e less t h a n 3 ~y r ) .
S e v e r a l m e t e o r i t e s ( P a n t a r , I s o u l a n e , S h y t a l , and N e w C o n c o r d ) met t h e l a t t e r c r i t e r i o n , b u t n o t t h e f o r m e r , a s shown by ~1~~ m e a s u r e m e n t s o f F u s e and Anders ( 1 9 6 9 ) , and Herma11 and i n w h i c h t h e P4e2' a g e w a s much s h o r t e r t h a n t h e A l a g e (Menow), a n d t w o cases of a t w o -s t a g e irradiation ( I v u n a , S e r r a d e ~a g ; ; F u s e a n d A n d e r s , L969),
T h e d a t a a r e s h o w n i n F i g u r e s 1 a n d 2 , On t h e w h o l e , t h e y f i t a l i n e a r t r e n d , t h e l a r g e s t e x c e p t i o n s b e i n g M a l o t a s , 2 6 a n d e s p e c i a l l y A p p l e y B r i d g e .
T h e A 1 m e a s u r e m e n t s o n b o t h meteorites were d o n e w i t h g r e a t c a r e , a n d i t w o u l d t h e r e f o r e b e d e s i r a b l e t o r e -c h e c k t h e n o b l e g a s d a t a .
F o r t h e t i m e b e i n g , w e h a v e f i t t e d t w o r e g r e s s i o n l i n e s t o t h e d a t a ; o n e w i t h a n d o n e w i t h o u t A p p l e y B r i d g e .
T h e d a t a a r e g i v e n i n T a b l e 2 .
D I SCUSSION T h e p r o d u c t i o n r a t e s f o u n d f a l l b e t w e e n t h e c o n v e n t i o n a l o n e s o f K i r s t e n e t a l . ( 1 9 6 3 ) a n d t h e r e v i s e d o n e s o f K r u g e r
--a n d Heymann ( 1 9 6 8 ) .
W e h a v e s o m e w h a t m o r e f a i t h i n t h e r a t e s c a l -c u l a t e d w i t h o u t A p p l e y B r i d g e . T h e y e x c e e d t h e c o n v e n t i o n a l
2 1 ~e~ a n d N e r a t e s by t h e same a m o u n t : 2 4~9 % a n d 24*7$.
T h e error l i m i t s o f o u r p r o d u c t i o n r a t e s p r o b a b l y a r e r e a l i s t i c e s t i m a t e s o f t h e i r a c c u r a c y . T h e h a l f -l i f e o f A 1 2 6
( 0 . 7 3 8 * 0 . 0 2 9 hlyr, R i g h t m i r e a n d Kohman, 1 9 5 8 ) c o n t r i b u t e s a n e r r o r o f o n l y 4%. T h e A. e s t i m a t e is somewhat m o r e u n c e r t a i n , o w i n g t o v a r i a t i o n s i n t h e e f f e c t i v e c o s m i c -r a y f l u x . But s u c h 2 6 3 2 1 v a r i a t i o n s a f f e c t A 1 a n d H e , N e t o a b o u t t h e s a m e d e g r e e .
H e n c e t h e e r r o r s t e n d t o o f f s e t e a c h o t h e r , e s p e c i a l l y i n t h e r e g i o n w h e r e t h e g r o w t h c u r v e is a p p r o x i m a t e l y l i n e a r . E l s ew h e r e t h e y w i l l c o n t r i b u t e t o t h e o v e r a l l s c a t t e r , w h i c h is t a k e n i n t o a c c o u n t i n t h e r e g r e s s i o n ,
26 A l l o w i n g for the uncertainty i n the A l h a l f -l i f e , w e B a i n b r i d g e A.E., S u e s s H.E. , a n d ~a n k e H. (1962) The t r i t i u m c o n t e n t o f t h r e e s t o n y m e t e o r i t e s . Geochim, Cosmochim. A c t a
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